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non-thermal MeV astrophysics
Nuclear Processes & Particle acceleration



Mulﬁwavelengﬂ‘l ----> MeV Chauvinism is no good ©
ASt rOthSiCS TDA: Time Domain Astrophysics

MMA: Multi-Messenger Astrophysics
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All Sky Monitoring — Fast Response
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HMXRBs are characterized by two (or more) SED states
which exhibit time variability on a variety of time scales

AGILE monitoringof Cyg X-3 (G.
Piano,+ 2012 A&A 545

SED during the main y -ray events
(non-sim. data) and the leptonic
model. Blue: X-ray average
“hypersoft” SED (Koljonen et al.
2010), RXTE-PCA and RXTE-
HEXTE data ( ~ 3 to ~ 150 keV);
red: AGILE-GRID (50 MeV to 3
GeV); magenta: MAGIC UL.

In Outburst ATel 11127: Piano+
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Blazar sequence: SEDs change according
to L, (jet): Ghisellini+ 2015, JHEAp 7
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PKS 2149--306, a blazar at 7=2.345
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Tagliaferri et al 2015: Swift/XRT - NuSTAR,
observing sim., 0.3--70 keV: Opt/UV bump
due to the accretion disk, hard X —ray due to
beamed jet emission (IC off photons produced
by IR torus (hump at ~10'3 Hz). Archival data
illustrate variability. Blazar power mostly
around 1 MeV, and are best found in hard X--
ray surveys rather than >100 MeV surveys (of
comparable vFv sensitivities).



Long Duration GRBs

© NASA/Swift:Cruz deWilde
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Space-based © gt e
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luminosity

Kilo-Nova astrophysics
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* Nuclear Statistical Equilibrium (NSE)

- AtT>0.5MeV, nuclearforward and backward reactions go into
statistical equilibrium -> chemical equilibrium:

nuclear

Zi,up — Nz'/Ln = u“/ species i

n= ZniAi

Mass conservation

nYe =np+2na+ Z Zin;

Charge conservation

- Saha-like equationsforabundances Y; = il
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Stable nuclei
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Y.(Nd) = Z/A =60 / (60 + 60 + 22) ~ 0.4
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planck mean opacity (cm* g!)
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Nucleosynthesis studies need input from
Lab Astro: nuclear masses, lifetimes, etc.:

Full use of kN spectroscopy requires input from
Lab Astro: EBITs etc

World Wide Radioactive Beam Facilities
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We have an MeV sensitivity gap

= | N How to close the gap?
N 10 g : Comptel COSB

é Larger Detectors

9 j Smarter Event Analysis
O -5 Novel Concepts
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E (MeV) and $/photon is high, so
let us explore further
Y. Geerenbaert, et al 2017, NIM 845 why the MeV band is so

important.
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The MeV discovery land
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iRy pulsars 1 * pulsars seen in hard X-ray but not by
107 ' Fermi-LAT, peak in MeV band
_ * 11 MeV pulsars known
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Chemical Evolution

Element Synthesis
CCE & GCE
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The players:

Sources
Isotope Mean Decay Chain v -Ray Energy (keV)
Lifetime
Be 77d "Be —» "Li* 478
*Ni 111 d 56Ni — %°Co* »*Fe*+e* | 158, 812; 847, 1238
5TNi 390 d 5"Co— *"Fe* 122
2ZNa 38y *Na — **Ne* + ¢’ 1275
o ¥ 89y “Ti y4Se* >¥Car+e’ 78, 68; 1157
2°Al 1.04 10° %6Al1 — *°Mg* + e* 1809
“Fe 2.0 10°%y °Fe — °°Co* — °°Ni* 59, 1173, 1332
e’ vere 10%y e'+te > Ps — 7. 511, <511
Diffuse
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0.001

Novae: not yet detected E e 3
. - ONe novae . 511 keV"
In the MeV regime: i i
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half-life: Y 0.1 1
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Hernanz 2012

Galactic Rate ~ 40 / yr : Deep monitoring with Next-Gen Instrument could change this situation

We would learn about their dynamic envelope expansion
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6] & *OFe

Coproduced in massive stars:  © -
Static He-shell burning s-process
(the explosion only ejects!)
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Galactic Center

61,9403

L.-S. The et al. 06: *4Ti sources are rare events




The Galactic positron distribution remains largely unexplored

positrons

10 °

u 'Fe
i v L
L oyt sspt 26 41 CNO Nearby SF regions in
L 4 166" The MW ISM are
10 | ¢ N VY| guaranteed sources that

have yet to be detected

F, 10° em™ s MeV™)

CR astrophysics holds
clues to the galactic SFR,
which is essential for GCE

EY (MeV)



Radioactivities
keep the SN lights on !

254Cf (B2FH: 1957) =»S6Ni
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y 1238 keV
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[Time integrated escape SED
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Flux at 1 Mpc (cm™2sec™)

Diagnosing SNla models
with MC Transport simulations

Parameter space is large, but not
a scatter cloud (adapted from the

Time (days)

The, Clayton, Burrows 1991

e e LOX collaboration)
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Diagnosing
SNla models

Ejecta mass
Distribution
Kinematics
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SN2014J at 3.5 Mp

c: Diehl et al 2015: INTEGRA
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Additional slides (not presented)



The MeV regime is rich, if proper sensitivity can be reached
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« Flux (Energy) (arbitrarily scaled)

Energy’

Where the power peaks and
the SED changes shape
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Accretion onto compact objects creates ubiquitous disk-jet
systems with time-dependent SEDs that exhibit important
features in the Mev band that provide critical information.

Energy (MeV)



Where are the other
44Tj sources?

0,

]

1157.020

44
99.875% per Sc decay

The Y,, (1/4nD?) exp(-t/x)
challenge for sensitivity

440,
20C a

—= 0 calcium
4442 423
Qp.=267.5 keV C a \ 246
20

Q.=3653.3 keV
B +EC=98.97%

1157.039

40
40.078(4)

44T = 44Sc =» 44Ca

= partial level schemes and #*Ti decay

J. A, Cameron and B. Singh, Nucl. Data Sheets 88, 299
(1999).

“Photons: .

- 68 keV 100% S

- 78 keV 99.6% 'f:.

- 1157 keV 99.9% I
“ Positrons

- Epox=1.47 MeV 98% Ty 1 .

“"Decay Inhibited for
Fully-Ionized #4Ti (EC!)
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26A\| /%0Fe flux ratio
~10-20%

Diagnostic
for SNII/Nova
decomposition
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